Abstract. Multicriteria decision-making (MCDM) methods are used in many areas of human activities. Each alternative in a multicriteria decision-making problem can be described by a set of criteria. Criteria can be qualitative and quantitative. They usually have different units of measurement and a different optimization direction. The normalization aims at obtaining comparable scales of criteria values. The paper introduces a new Additive Ratio ASsessment (ARAS) method. In order to illustrate the described ARAS method a real case study of evaluation of microclimate in office rooms is presented. The case study aims to determine the inside climate of the premises, where people work, and to define measures to be taken to improve their environment. Based on the analysis, the following criteria for inside climate evaluation are suggested: air turnover inside the premises, air humidity, air temperature, illumination intensity, air flow rate, and dew point. The criteria weights were determined by the method of pairwise comparison based on the estimates of experts.
Introduction
Real-world decision-making problems are usually too complex and unstructured to be considered through the examination of a single criterion, or point of view that will lead to an optimum decision. Operating in the marketplace requires some knowledge of areas generating critical situations and insolvency. It is necessary to learn about criteria determining both development and downfall of feasible alternatives (Kapliński 2008a) . In a monocriterion approach, the analyst builds a unique criterion capturing all the relevant aspects of the problem. Such a one-dimensional approach is an oversimplification of the actual nature of the problem. In many real-world decision problems, a decision-maker has a set of multiple conflicting objectives. All new ideas and possible variants of decisions must be compared according to many criteria (Turskis et al. 2009 ). The problem of a decision-maker consists of evaluating a finite set of alternatives in order to find the best one, to rank them from the best to the worst, to group them into predefined homogeneous classes, or to describe how well each alternative meets all the criteria simultaneously. There are many methods for determining the ranking of a set of alternatives in terms of a set of decision criteria. In a multicriteria approach, the analyst seeks to build several criteria using several points of view. MCDM is one of the most widely used decision methodologies in science, business, and governments, which are based on the assumption of a complex world, and can help to improve the quality of decisions by making the decision-making process more explicit, rational, and efficient. In real life, a decision-maker first of all must understand and describe the situation. This stage includes the determination and assessment of the stakeholders, different alternatives of feasible actions, a large number of different and important decision criteria, the type and quality of information, etc. It appears to be the key point defining MCDM as a formal approach. For Zeleny (1982) , decision criteria are rules, measures and standards that guide decision-making. Bouyssou (1990) proposed a general definition of a criterion as a tool allowing comparison of alternatives according to a particular point of view. When building a criterion, the analyst should keep in mind that it is necessary that all the actors of the decision process adhere to the comparisons that will be deduced from that model. Criteria (relatively precise, but usually conflicting) are measures, rules and standards that guide decision-making, which also incorporates a model of preferences between the elements of a set of real or fictitious actions. Typical examples of MCDM problems are referred to as discrete MCDM problems, involve the selection among different investment projects, personnel ranking problem, and financial classification problem, and are decision-support oriented. The major strength of multicriteria methods is their ability to address problems marked by various conflicting interests. An overview of widely used MCDM methods is given by Figueira et al. (2005) .
Classical methods of multicriteria optimization and determination of priority and utility function were first applied by Pareto in 1896 (Pareto 1971) . These methods were strongly related to economic theory, concerning the averages of thousands of decisions. Methods of multicriteria analysis were developed to meet the increasing requirements of human society and the environment. Keeney and Raiffa (1976) offered the representation theorems for determining multicriteria utility functions under preferential and utility independence assumptions. Saaty (1977) showed the global importance of solving problems with conflicting goals by using multicriteria models and presented decision-making models with incomplete information. Keeney (1982) outlined the essential features and concepts of decision analysis, formulated axioms and major stages. Keeney and Winterfeldt (2001) suggested following the prudence principle in the decision process, making decisions precisely and evaluating all possible alternatives, the aims of interested parties, subsequences of decision results and value changes, hereby minimizing the decision-making risk.
The available wide range of MCDM problem solution techniques, varying in complexity and possible solutions, confuses potential users. Each method has its own strength, weaknesses and possibilities to be applied. This causes phenomenon known as the inconsistent problem ranking caused by different MCDM methods. A major criticism of MCDM methods is that due to the differences among different techniques, different results are obtained when applied to the same problem. These differences of algorithms are:
− different use of weights; − different selecting of the best solution; − attempting to scale the objectives; − introducing additional parameters that affect solution. MCDM research in civil engineering and management is dominating in the LithuanianGerman-Polish triangle (Vilnius Gediminas Technical University, Poznan University of Technology, and Leipzig University of Applied Science). There are lots of even sophisticated issues investigated in collaboration with specialists representing other domains of science (e.g. mathematicians) (Kapliński 2008b) . Techniques and planning methods and decision-making methods develop dynamically (Kapliński 2008c; Peldschus 2008; Ginevičius and Podvezko 2008..., a, b; Zavadskas et al. 2008c; Ustinovichius et al. 2007; Plebankiewicz 2009; Ulubeyli and Kazaz 2009; Jakimavicius and Burinskiene 2009; Šijanec Zavrl et al. 2009; Sobotka and Rolak 2009; Selih et al. 2008; Liaudanskiene et al. 2009 ).
The need of comparing MCDM methods and the importance of the selection problem were first recognized by MacCrimmon who suggested taxonomy of MCDM methods. There are many comparative studies presented in scientific research works. Guitoni and Martel (1998) proposed a methodological approach to select an appropriate MCDM method for a specific decision-making situation. The selection may be done via comparing MCDM methods (Zanakis et al. 1998) . A simulation by Zanakis et al. (1998) evaluated eight MCDM methods: SAW, multiplicative exponential weighting (MEW); ELECTRE, and AHPs: SAW and MEW performed best. Computations of different examples reveal the fact that evaluation outcome depends on both choice of utility function and its parameters (Podvezko and Podviezko 2010) .
There are many ways to classify MCDM methods (Hwang and Yoon 1981; Larichev 2000; Figueira et al. 2005) . The classification of MCDM methods according to the type of information based on the Larichev's (Larichev 2000) proposal is given bellow:
− Methods based on quantitative measurements. (Zavadskas and Kaklauskas 1996; Zavadskas et al. 2007 Zavadskas et al. , 2009a ) and its modification COPRAS-G (Complex Proportional ASsessment method with Grey interval numbers) (Zavadskas et al. 2008a, b; 2009b ). − Methods based on qualitative initial measurements. These include two widely known groups of methods, i.e. Analytic Hierarchy Methods (AHP) (Saaty 1977 (Saaty , 1994 and fuzzy set theory methods (Zimmermann 2000) .
− Comparative preference methods based on pairwise comparison of alternatives. This group comprises the modifications of the ELECTRE (Roy 1990 (Roy , 1996 , PROMETHEE (Brans et al. 1984) , TACTIC (Vansnick 1986) , ORESTE (Roubens 1982 ) and other methods. − Methods based on qualitative measurements not converted to quantitative variables.
This group includes methods of verbal decision-making analysis (Berkeley et al. 1991; Larichev 2000; Flanders et al. 1998 ) and uses qualitative data for decision environments involving high levels of uncertainty. MCDM problems can be categorized as continuous or discrete, depending on the domain of alternatives. Hwang and Yoon (1981) classify them as:
− MCDM with discrete, usually limited, number of alternatives, requiring criterion comparisons, involving implicit or explicit tradeoffs; and − MODM (multiple objective decision-making) with decision variable values to be determined in a continuous or integer domain, of infinite on a large number of choices, to satisfy best the decision-maker constraints, preferences or priorities. In particular, the main steps of multicriteria decision-making are the following: − determining the main goal of a problem; − establishing a system of the main objectives or criteria by which the alternatives are to be judged; − generating feasible alternatives (a finite number of alternative plans or options) that can be implemented to achieve goals; − evaluating an impact of each criterion on the decision-making function or weights of criteria. A decision-maker should express his/her preferences in terms of the relative importance of criteria, and one approach is to introduce criteria weights. These weights in MCDM do not have a clear economic significance (Opricovic and Tzeng 2004) , but their use provides opportunity to model the actual aspects of the preference structure: − a set of performance evaluations of alternatives for each criterion; − a method for ranking the alternatives based on how well they satisfy the criteria; − aggregating alternative evaluations (preferences); − accepting one alternative as the best (the most preferable); − gathering new information and the next iteration of MCDM if the final solution is not accepted; − making recommendations for decision-making. An alternative in multicriteria evaluation is usually described by quantitative and qualitative criteria. The criteria have different units of measurement. Normalization aims at obtaining comparable scales of the criteria values. Different techniques of criteria value normalization are used. The impact of the decision-matrix normalization methods on the decision results has been investigated by many authors (Jüttler 1966; Körth 1969; Stopp 1975; Weitendorf 1976; Zavadskas 1987; Hovanov 1996; Cloquell and Santamarina 2001; Peldschus 2007 Peldschus , 2009 Ginevicius and Podvezko 2007; Ginevičius 2008; Noorul Haq and Kannan 2007; Brauers et al. 2007; Brauers et al. 2008; Brauers 2007a, b) . There are still no rules determining the application of multicriteria evaluation methods and interpretation of the results obtained.
A new Additive Ratio Assessment (ARAS) method in multicriteria decision-making
The typical MCDM problem is concerned with the task of ranking a finite number of decision alternatives, each of which is explicitly described in terms of different decision criteria which have to be taken into account simultaneously. According to the ARAS method, a utility function value determining the complex relative efficiency of a feasible alternative is directly proportional to the relative effect of values and weights of the main criteria considered in a project.
The first stage is decision-making matrix (DMM) forming. In the MCDM of the discrete optimization problem any problem to be solved is represented by the following DMM of preferences for m feasible alternatives (rows) rated on n signfull criteria (columns):
where m -number of alternatives, n -number of criteria describing each alternative, x ij -value represening the performance value of the i alternative in terms of the j criterion, x 0j -optimal value of j criterion. If optimal value of j criterion is uncknown, then 
Usually, the performance values x ij and the criteria weights w j are viewed as the entries of a DMM. The system of criteria as well as the values and initial weights of criteria are determined by experts. The information can be corrected by the interested parties by taking into account their goals and opportunities.
Then the determination of the priorities of alternatives is carried out in several stages. Usually, the criteria have different dimensions. The purpose of the next stage is to receive dimensionless weighted values from the comparative criteria. In order to avoid the difficulties caused by different dimensions of the criteria, the ratio to the optimal value is used. There are various theories describing the ratio to the optimal value. However, the values are mapped 
The criteria, whose preferable values are maxima, are normalized as follows:
The criteria, whose preferable values are minima, are normalized by applying two-stage procedure:
When the dimensionless values of the criteria are known, all the criteria, originally having different dimensions, can be compared.
The third stage is defining normalized-weighted matrix -. It is possible to evaluate the criteria with weights 0 < w j < 1. Only well-founded weights should be used because weights are always subjective and influence the solution. The values of weight w j are usually determined by the expert evaluation method. The sum of weights w j would be limited as follows:
(6)
Normalized-weighted values of all the criteria are calculated as follows: ,
where w j is the weight (importance) of the j criterion and x ij is the normalized rating of the j criterion.
The following task is determining values of optimality function:
where S i is the value of optimality function of i alternative.
The bigest value is the best, and the least one is the worst. Taking into account the calculation process, the optimality function S i has a direct and proportional relationship with the values x ij and weights w j of the investigated criteria and their relative influence on the final result. Therefore, the greater the value of the optimality function S i , the more effective the alternative. The priorities of alternatives can be determined according to the value S i . Consequently, it is convenient to evaluate and rank decision alternatives when this method is used.
The degree of the alternative utility is determined by a comparison of the variant, which is analysed, with the ideally best one S 0 . The equation used for the calculation of the utility degree K i of an alternative a i is given below:
where S i and S 0 are the optimality criterion values, obtained from Eq. (9). It is clear, that the calculated values K i are in the interval [0, 1] and can be ordered in an increasing sequence, which is the wanted order of precedence. The complex relative efficiency of the feasible alternative can be determined according to the utility function values.
Case study: evaluation of microclimate in office rooms
In order to test the described ARAS method the case study will be considered. The development of construction technologies and building mterials, growing demands of citizens raises the problem to evaluate the inside climate of a building as a final product. Newly-built or existing houses are evaluated taking into account only their price, maintenance costs, space, location, ignoring such parameters as inside climate, which largely determines how healthy and able-bodied the residents will be (Kalibatas and Turskis 2008) . Inside climate should be taken into account in real estate valuation because some data obtained in the research reveal significant drawbacks and defects of buildings, thereby helping to avoid the potential expenses in the case of purchasing low-quality real property.
An ordinary customer making a decision about purchasing or renting a real estate unit cannot get generalized data on the inside climate of the premises because he lacks the respective qualification, knowledge and time required to carry out a study, formalize and generalize the data, etc. This is the work of highly qualified specialists. The graphs of the inside climate are provided with estate valuation because some data obtained in the study reveal significant drawbacks and defects of buildings, thereby helping to avoid the potential losses which he/she could suffer trying to restore it.
One commercial firm asked to evaluate microclimate in an office. The study aimed to determine the inside climate of the premises, where people work, and to define measures to be taken to improve their environment. The study was performed in December 2009 on the sixth story of an office house in Vilnius.
Based on the analysis, the following criteria for inside climate evaluation are suggested: − air turnover of the premises -x 1 , optimal x 01 ≥ 15 m 3 /h; − air humidity -x 2 , x i2 ≥ 0; optimal x 02 = 50%; − air temperature -x 3 , x i3 ≥ 0. The most comfortable temperature is in the range 24-25 °C.
The investigated values are in the range 16−22 °C. On this basis it can be stated that the maximal investigated value is the most preferable, and, with a small error, it can be assumed that it is a linear function; − illumination intensity -x 4 ; − air flow rate -x 5 ; x i5 ≤ 0.05 m 3 /h; − dew point -x 6 . The criteria weights were determined by the method of pairwise comparison based on the estimates of 38 experts. The obtained weight vector of criteria w is presented in Table 1 .
The required measurements in the rooms were made by using equipment having a calibration certificate.
The data of measurement are presented in Table 1 (initial decision-making matrix X), Table 2 represents the normalized values of measurement in rooms (normalized decision- making matrix X ), and Table 3 shows the weighted-normalized values of measurement in rooms (weighted-normalized decision-making matrix ) and solution results using the ARAS method. Acoording to the given data on the criteria describing the inside climate, rational solutions about its improvement and maintenance cost reduction can be made. The studies performed help to identify the inside climate parameters of the workplace, which do not meet specifications. The data obtained can also be used for developing and implementing measures aimed at maintaining favourable inside climate at workplaces.
The results obtained (quality ratio with an optimal office room alternative according to its rank) represent inside climate characteristics with some error.
The study of the inside climate in office rooms and a comparative analysis of the obtained data with the values provided by the hygienic norms allowed us to state that most of the investigated parameters do not meet the current specifications. Forced ventilation should be installed in these working rooms to ensure the required rate of air turnover.
The priority order of the investigated rooms can be represented as:              . It means that the best microclimate is in room 9, and the worst microclimate is in room 5. It can be stated that in room 9 the microclimate makes only 77 percent of optimally balanced microclimate, and in the worst room the ratio with an optimally balanced microclimate is only of 55 percent.
Conclusions
It is hardly possible to evaluate the effect of various methods of a problem solution.
According to the newly-proposed ARAS method, the utility function value determining the complex efficiency of a feasible alternative is directly proportional to the relative effect of values and weights of the main criteria considered in a project.
The priorities of alternatives can be determined according to the utility function value. Consequently, it is convenient to evaluate and rank decision alternatives when this method is used.
The degree of the alternative utility is determined by a comparison of the variant, which is analysed, with the ideally best one.
It can be stated that the ratio with an optimal alternative may be used when seeking to rank alternatives and find ways of improving alternative projects.
